CHAPTER 23 (Odd) 


Loa left: d,= a = 0.1875", d, =1" 


Value = 10% x 100.1875"/1” 


= 108 x 1.54 
= 1.54 kHz 
right: d, = o = 0.75", d, =1" 
Value = 10% x 100.75"/1" 
= 10% x 5.623 
= 5.623 kHz 
> => 5 n ” == 15 MS ”n 
b. bottom: d, = E” 0.3125", d, = =”” 0.9375 
Value = 1071 Xx 100.3125"/0.9375" — 1071 Xx 109.333 
= 1071 x 2.153 
= 0.2153 V 
top: d, = a = 0.6875", d, = 0.9375" 
Value = 1071 Xx 100-6875"/0.9375" Eon 1071 Xx 100.720 
= 1071 x 5.248 
= 0.5248 V 
3. a. 1000 b 102 c. 1.585 d. 1.096 
e. 1010 f. 1513.56 g. 10.023 h.  1,258,925.41 


5. log, 48 = 1.681 
log¡o 8 + 108,0 6 = 0.903 + 0.778 = 1.681 


7. log; 0.5 = —0.301 
—log¡p 2 = -(0.301) = —0.301 


P 
9. a. bels = log¡p + = log¡g 280 mw = log;p 70 = 1.845 
: 4 mW 


Po. 
b.  dB= 10log;0 + = 10(log,p 70) = 10(1.845) = 18.45 
1 


40 W = 10 1og,0 20 = 13.01 


P, 
1 


V 


Y, 8.4 
13. dB, = 20 log¡p = = 20 log¡p — = 20 log ¡q 84 = 38.49 
V, 0.1 V 


P 
15. dB. =20l08 —*%—- 
s 9510 00002 nbar 

dB, = 20 logp 0 HAT - 13.98 
0.0002 ubar 
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0.016 pbar 
dB, = 20 log¡p 00002 Hbar = 38.06 


Increase = 24.08 dB, 


Y, Xc 1 1 
19 a ÁAJ= y” L -90% + tan”! X/R = l —tan”! RIX¿ 
R? + XE 2 
R 
Ps + 1 
Xc 
f=-L_=___ 2 _ =3617.16Hz 
RC 212.2 K0D0.02 uE) 
Vo 
f=f: A, = 2 = 0.707 
Ú 
f=0.1f: Atf, Xc=R=2.2k0 
X= 2! _=1| 4] -10.210] = 2k0 
2rf—C 210.1f,C  0.1|21f,C 
0 1 ] = 1 =0.995 
Z 
Y [EA da? +1 
| +1 22 kQ 
Xc 


e | = 22.2 kQ] = 4.4 k0 


1 1 
A a A PP A 
F=0N= he £c= 70 az 


2r | <|cC 
2 
A A 
2.2 k0]%, y(0.5)” + 1 
44ko) 
1 1| 1 1 
EE y A A A A E A 
p= He CC 2RRFIC 2|21f,C | | 
A. A A A 
EN (ET var +1 
1.1 kQ 
1 1 | 1 1 
= 10f: X= = bl __| = 12.2 kQ| = 0.22 kQ 
p= 1% Cc 2m(0fye 10 de 0: | 
A : ==! =0.0995 


y= 
2.2 k0 ]? (107% + 1 
ICI + 
E a 
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21. 


(Odd) 


b. 0 = —tan”! R/Xc 
F=f O = —tan”! = -45* 


f=0.1f: 0 =-—tan”!2.2k0/22k0 = —tan”! = = 5.710 
f=0.5f: 0= —tan7!2.2k0/4.4k0 = —tan”! 5 = 26.57" 
f= Y: 0=-—tan12.2k0/1.1k0 = —tan!2 = —63.43" 
f=10f.: 0 = tan”! 2.2kQ/0.22 kQ0 = —tan”! 10 = —84.29* 
_ 21 1 
f, = 500 Hz = __= _—___—_ 
27RC  21(1.2 k0)C 
a Ll =0.265 4F 
2TRf.  27(1.2 k0)(500 Hz) 
Y 1 
A = 2-= 
U V > 
ES + 1 
Xc 


At f = 250 Hz, X¿ = 2402.33 Q and A, = 0.895 


At f = 1000 Hz, X¿ = 600.58 Q and A, = 0.4475 
0 = —tan*R/X 


Atf = 250 Hz = Sto 0 = -26.54* 
Atf= 1 kHz =2f, 9 = -63.41* 
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2d 


288 


4,= 2 
Mi 
JE 
f=f: 
f= 2: 
=> 
f= 10f£.: 
_ 1,2. 
f= i0)0 
=> 
f= Yo 
1 
f= ade 
f= 10f., 
1 
f= 10 Cc? 


= E Ltami Xx IR = : 
2 2 a 
R* + Xc 1 + Xc 
R 
1 1 7 
A A 
271RC> 212.2 k0)Q0 nF) 
Vo 
A, = 2 =0.707 
v. 


Atf. Xc = R = 2.2 k0 


—1 
Ltan * X /R 


A O E E A 
2AjC ARO 2|2Af,C| 2 
A ==) =0.894 
j 1.1 k0]? 
+ PASA 
77 KO 
X==-_=2|_L_| =222k0] =4.4k0 
f 21f,C 
2r lc 
A, = : 0.447 
U e > . 
y. [44k0]* 
+ 
2.7 KO 
y E E A 
2n0f)C TO | 2x7.C 10 
A, = S = 0.995 
¡y , [0.22 k0]* 
A 
77 K0 
a _L_| = 102.2 xQ] = 22 k0 
, 27f,C 
2r| Cc 
10 
A) == =0.0998 
” 22 k0 ]? 
+ ió 
7.7 K0 
9 = 450 


9 = tan"! (X/R) = tan”! 1.1 k0/2.2 k0 = tan”? 


0 = tan”? 4.4 K0 = tan”! 2 = 63.43" 


TO 

A = tan”! 0.22 K90 _ g 770 
77 k0 

A = tan"! 22 K% - g4.290 
27 KO 


= 26.57" 


ni -— 
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5. A ¿tan? X /R 
y 
Z 
X 
¡AE 
R 
== ¿Rel 2 + 795.77 0 
2TRC 21,0 21(2 kH2X(0.1 uE) 
R = 795.772 > 7500 + 472 = 7970 
a 


nominal values 
1 


SL = rr = 1996.93 Hz using nominal values 
21(797 Q)1(0.1 uE) 
At  f=1kHz, A, = 0.458 
f = 4 kHz, A, = 0.9 
XxX 
O =tan! Í£ 
R 


f= 1 kHz, 0 = 63.40 
f = 4 kHz, 9 = 26.530 


.458 


100 Hz kHz f£  4kHz 10 kHz 


flog scale) 
(1996.93 Hz) 
27. a. low-pass section: Se, = SRC = o A = 795.77 Hz 
T T(O. p 
high-pass section: Se, = +70 = ATA = 1989.44 Hz 
T T 


For the analysis to follow, it is assumed (R, + ¡X¿,)[[R, = R) for all frequencies of 
interest. 


At f., = 795.77 Hz: 


Xo == =25k0 
2 2TfC, 
25 KNVp ) 
[Vol = > = 0.9285 Vr, 


Ya10 ko? + (25 ko) 


V, = (0.9285)(0.707 V) = 0.656 V; 
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290 


At f., = 1989.44 Hz: 


V, = 0.707 Ve, 
Xc,=3 7 = 400 
ey 
R,V, 100 MV, 
Vo) = AMEN Sd = 0.928 V, 


(ri +Xa ya100 a? + (40 0? 
1 


[V,| = (0.707)(0.928 V) = 0.656 Y, 


Atf = 795.77 Hz + ii E = 1392.60 Hz 
Xq, = 57.140, Xc, = 14.290 

100 2(V) 

Ve = : 


/a00 0)? + (57.14 0? 


14.29 KV?) 
Y) = > =0.8193 Va 


(10 kQ0)? + (14.29 k0)? 


= 0.868 Y, 


Y, = 0.8193(0.868 V;) = 0.711 V, 


V 
and A, = 2 =0.711 (= maximum value) 
l 


After plotting the points it was determined that the gain should also be determined at 


f = 500 Hz and 4 kHz: 


f = 500 Hz: Xc, = 159.150, X(, = 39.8 k0, 
Ve, = 0.532 V,, V, = 0.97 Ve, 
V, = 0.516 V, 

f = 4 kHz: Xc, = 19.89 N, Xc, = 4.97 k0, 
Ve, = 0.981 V,, V, = 0.445 V, 
V, = 0.437 Y, 


Using 0.707(.711) = 0.5026 = 0.5 to define the bandwidth 
BW = 3.4 kHz — 0.49 kHz = 2.91 kHz 
and BW = 2.9 kHz 


with fo. = 490 Hz + 29] = 1940 Hz 
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29. 


(Odd) 


| 
| | 
| | 
| | 
| 
| | 


NE, TKHz "fo 3.4kHz  10kHz f 
0 


l = 100.658 kHz 


me A 
2rYLC  214(5 mHI500 pF) 


X,  _ 21(100.658 kHzX5 mH) _ 48.39 


== TOA 10 

BW = E - a = 5,473.52 Hz 

Atf= fi Y, ESE - > = 0.93 V and A, = > = 0.93 

Since Q, > 10, fi =f,- = = 100.658 kHz — a = 97,921.24 Hz 
BW 


fa =f; + => = 103,394.76 Hz 
Atf=95kHz:  X, =2xfL = 21(95 x 10% Hz)(5 mH) = 2.98 k0 


E ll =3.35k0 
2fC 2195 x 10% Hz)(500 pF) 
E 160 01 VZ0*) _ 160 VZO0* 
0" 11217298 K2-33.35k0 172 - j370 
= _1600V240"_ 0.392 65.07 
480 Z-65.07" 
Atf = 105 kHz: X, = 21/L = 21(105 kHzX(5 mH) = 3.3 kQ 
X=. Ll —3.03k0 
21fC  21(105 kHz)(500 pF) 
160 (1 V 0) _ 160 VZO* 
0 1127333 K0-J303k0 172 + j270 
= 1600 Y 20" 0.52 -57.50* 
320 257.50" 


F=fi Vo  =0.93 V 
= 97,921.24 Hz, V, = 0.707(0.93 V) = 0.658 V 
f =f, = 103,394.76 Hz, V, = 0.707(0.93 V) = 0.658 V 


10) 


=, 
!l 

Pa 
| 
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X 
a Oe e O O 9.105 


R+R, 400+100 4102 


Ís _ 5000 HZ _ 410 Hz 


b. BW= === 
O, “12.195 
f, = soo0 Hz - 410 BZ - 4795 Hz 
f, = so00 Hz + 402 - 5205 Hz 
Cc. 
At resonance 
10 Q(V: 
0.024 y = oO 
100 +4000 
= 0.024 Y, 
d. At resonance, 10 0/12 kQ = 9.95 Q 
9.95 MV) 
Y, = == —zzx = 0.024 Y as above! 
9.95 Q + 400 Q 
3. 1 f,p= 2 l = 726.44 kHz (band-stop) 


PA JLE 21/6400 ¡HX120 pF) 


X,, L90% + (X,, 290” X¿ L-90%) =0 
(Xp, L90NX¿ 2-90) 


JX, + - - 
i JAL, =- JXc 
Xy, Xq 
JX, - Pp — 0 
a HXy, - Xc) 
X¡ Xq 
JX,. - E E 
d (Az, - Xc) 
Xj Xc 
) E A 
s X, -Xc 


XL Xc > AL AL, E A, Xc == 0 


wL; wL 
—2 LL, + =0 
WC E OC 
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| | 
LL," — Ls + Ly] 


=0 
L, + L 
WY = pz p 
CL¡L, 
L.+L -6 
JE 1 *%p - 11 460x100” 2013 MHz (pass-band) 
27 | CL, 211288 x 10% 
5 a E o o AZ 
C — 21RC  21(0.47 kQ)0.05 pF) 
fo 
log scale 
-3 dB Ñlog 
=lf. A, = 20 log —-—— = 20 log _——_— = -7 dB 
Es E ade VaB 0810 — 0810 pe 
1 + (8. 1f) y1 + (2? 
1 
Ff=2L: Ay, = 20 log ———— = 0.969 dB 
y1 + (0.57 
Js ma Ay, = 20 log = —20.04 dB 
y1 + (10? 
1 
f= 10%: A, = 20 log ———— = 70.043 dB 
yl + (0.1)? 
1 1 1 
A o O A 
2 C U 
TN EE 
f = 2: A, = = (0.894 


1 
Y1 + (0.57? 


0(V, leads V, ) 


| 
| 
fel2 fa 2fo Álog scale) 
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se 0 | 1 -1 
37. a,b. A, = A A ARA A a 
1 + Y 
f=>_-___ Ll _ =13.26kHz 
27RC> 21(12 k0(1 nF) 


c. f = 12 = 6.63 kHz 
1 
Á ye 20 log1————— = -0.97 dB 


Uy 
y1 + (0.5)? 
1 
A SS 20 log¡_————— = 6.99 dB 
1 


f = 2f.= 26.52 kHz 


y1 + (2? 
f = f.110 = 1.326 kHz 


E l e 
Ay, = 20 log10— = 0.043 dB 


U 


y1 + (0.1)? 


f = 10f. = 132.6 kHz 


Ayj = 20 log =— = —20.04 dB 
Y1 + (0? 
ad f=f/2 Aj= ——L_— =0.894 
1 + (0.5) 
f=2%: 4) = 2 — =0.447 
1 + Qy? 


é: 0 = tan”! ff. 


f=f/2: 0 = —tan”!l0.5= -26.57" 

Feo 0 = —tan! 1 = -45" 

f= 2f.: 0 = —tan”!2 = -63.43" 
A 


YB 


0dB 6.63 kHz % 26.52 kHz 


-90? : 
1 kHz 6.63 kHz 10 kHz 26.52 kHz 100 kHz flog scale) 
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39. AC 


+0 + 
10kQ 0.01 yF 
Y, R¿Z24 k0 
a. From Section 23.11, 
A dE Má PA JH, 
AA 
Jy+ : : = 663.15 Hz 


RC 2104 KDO.01 pF) 


A A E A 


= 20 log,yL- 
$ 
468.1 Hz 
= 20 1 E 
510 6315 Hz 
= —3.03 dB 
b 9 =90% — tan? L = + tap! A 
1 f 
F=fi 0 = 450 
f=f. 0 = 54.78" 


= sh = 331.58 Hz, 0 = 63.43" 


- 5h = 66.31 Hz, 0 = 84.29" 


f 
f 
f=2f, = 1,326.3 Hz, 0 = 26.57" 
f = 10f, = 6,631.5 Hz, 0 = 5.71” 
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, | 1 1 
já f, = 


A E a 1939437 12 
f; 27R,C  2r1(10 kQ)1800 pF) 
41. a. A, = 7 1 1 
1 E J. = 21(R;, + R,)C — 21(10 kQ + 90 kQ))(800 pF) 
= 1,989.44 Hz 
= -20 log;¡g 10 
S 
NX = —20 dB 
e 
b. 
0 = tan”? = tan”! ff. 
f = 10 kHz 
O= tan! OKHz_ _ ¡p-1 10 KHZ_ _ 26 692 — 78.75% = -52.06" 
19.89 kHz 1.989 kHz 
F=f: (fi = 107) 
0 = tan”! E - tan”! Se = tan”? 0.1 - tan = 5.71? — 45 = -39,29% 
10 £. Je 
V l-jf/ 
a a 42 2. 
v; 1-5 J Ff 
fi = a = A: = 964.58 Hz 
27R,|C.— 21(3.3 kQ)10.05 uE) 
f=unt 2 1222 7,334.33 MHz 
21(R, [RC 271(3.3 kQ[O.5 kQ)X0.05 ¿E) 
A 
0.434 kQ 
R¡ + R) 3.3 kQ + 0.5 kQ 
—20 lo E ON le RD 7.6 = —17.62 dB 
510 —p, 51055 KO 510 
0dB . fo ; 
-17.62dB | R 
actual response 
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452 


387 
37.51" | 37.51* 
A AA 
e f 13kHZ £ f 
O = man! 4 e 
f= 1.3 kHz: 0 = —tan”! 964.58 kHz de tan”? 7334.33 Hz 
1.3 kHz 1.3 kHz 
= -36.57% + 79,95% = 43,387 
Á 
45. a q = O. 
Umax ate 1 JE Lt f e f 
S O kHz SO kHz 
180 Hz 18 kHz 
120 kHz 50 kHz ; 
A 
o BW- 18 kHz - 180 Hz do 
/ = 17,820 Hz 
SN 


Proximity of 100 Hz to 130 Hz will raise lower cutoff frequency above 130 Hz: 


> 
| 


Testing: f = 180 Hz: (with lower terms only) 


100 ] ? 
Áyy = 720 080 + 7] = 20 E + 


2 
-20 080 + ES - 20 E + 


1.17 dB — 1.82 dB = -2.99 dB = -—3 dB 


130 ] ? 


| 
| 


Proximity of 50 kHz to 20 kHz will lower high cutoff frequency below 20 kHz: 
Testing: f = 18 kHz: (with upper terms only) 


f | A 
Aya -20 log 0 l + E | - 20 log10 1 + ES 


18 kHz ] * 13 kHz ] ? 


—2.576 dB — 0.529 dB = -3.105 dB 
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20 kHz 50 kHz 


A a A E A A — 


Testing: f = 1.8 kHz: 


A = 1 100 1 130 -11.8 kHz -11.8 kHz 
tan tan 
1.8 kHz 1.8 kHz 20 kHz 50 kHz 
= 3.18 + 4.14” — 5.14” — 2.06 
= (0.12 = 0 


47. — fow =Frign — BW = 36 kHz — 35.8 kHz = 0.2 kHz = 200 Hz 


E -120 
UV 
e tl A f | 
f 36 kHz 
50 Hz 200 Hz 
-12 dB 
actual response 
-3 dB 
200 1 1 
LS A. E PA A 
Y 200 + JO 1 Fa UE Lo j f 
1500 2000 
Avg 20 PE E 5 = 1 and f = 2 kHz 
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53. 


(Odd) 


a. 


0 0 dB f, fo Ñlog scale) 
1kHz  2kHz 3 kHz 


woofer - 400 Hz: 
X, = 21/L = 21(400 Hz(4.7 mH) = 11.81 Q 


X= =__ 1 __ =10208 
210 — “21(400 HDGI pF) 

R|X¿ =8 2 2010.20 / 90% = 6.3 Z-38.11* 

y - RIXAV) _ (630 Z-38.11%XV) 


0 RIZO +JX. (6.30 Z-38.11%) +/j11.81 0 


v 


19) 


0.673 /—96.11* V, 


V 
and A, = DA = 0.673 vs desired 0.707 (off by less than 5%) 
l 


tweeter - 5 kHz: 
X, = 2T1/L = 21(3 kHz)(0.39 mH) = 12.25 Q 


A O A 
70 TS KHDOT E) 
RX, = 82 Z0*[112.25 0 490% = 6.72 133.15 
(6.7 2 133.15XV) 


0" 6TA 233.15) - ¡11.79 0 
V, = 0.678 188.54" V, 


V 
and A, = y = 0.678 vs 0.707 (off by less than 5%) 
Í 
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b. woofer - 3 kHz: 
X, = 27/L = 21(3 kHz)(4.7 mH) = 88.59 Q 
A A 
2xTfC 21(3 kHz)(39 EF) 
RI Xc =80 Z0*/11.360 /-90* = 1.341 Q Z -80.35* 
(RIXOV y) Ñ (1.341 Q Z-80.35%V ;) 


0 (RIZO +JX. (1.341 0 Z-80.35”) + j88.59 Q 
= 0.015 Z 170.2? V, 


v 
v 


19) 


V 
and A, = DA = ().015 vs desired O (excellent) 
l 


tweeter - 3 kHz: 
X, = 21/L = 21(3 kHz)(0.39 mH) = 7.35 0 
X= =__ Ll =19650 
2T1fC 21(3 kKH2Q.7 pF) 
RX, =80 Z0* [17.350 490% = 5.42 0 47.42" 
(RIXDUV ¡) _ (5.42 Q 247.42(V ;) 


o = RIXD +12 (5.420 47.42% - ¡19.65 Q 
V, = 0.337 1124.24" V, 


V 
and Á, = A = (0.337 (acceptable since relatively close to cutoff 
! frequency for tweeter) 


C. mid-range speaker - 3 kHz: 
1.36 Q 


735 Q 


Z' = 7.41 0 Z -22.15* 


A AA 
Z' = 8.240 133.58" 
A, 
2" =78160 137.79 
MV (7.816 Q 137.799V, 
v, = a A, A e 
Z" - Xx 7.816 Q 237.79” - ¡1.36 Q 
Z'V, (7.41 Q Z-22.159V, 
V, = = A = 0,998 L 46.97 V, 


0 ZU+ÍXL. 7412 Z-22.15* + 7.350 


V 
and A, = +7 = ().998 kHz (excellent) 
i 
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CHAPTER 23 (Even) 


2. a. 5 b. —4 C. 8 d. —6 
e. 1.301 f. 3.937 -g. 4.748 h. —0.498 
4. a. 11.513 b. —9.21 C. 2.996 d. 9.065 


6. log¡y0.2 = —0.699 
log¡p 18 — log¡p 90 = 1.255 — 1.954 = —0.699 


8.  log¡p 27 = 1.431 
3 log¡p 3 = 3(0.4771) = 1.431 


P) 
10. dB = 10 log¡o + 
P; 
6 dB = 10 logjo 9 W 
P; 
0.6 = log¡p X 
x=3.981 = 10 W 
Py 
p, = 10Y - 2512 w 
3.981 
P 
12. dB, =101l0 
ds 510 TW 
120 mW 
dB,,, = 10 log;g ww 10 log¡p 120 = 20.792 


Y) 
14. 4B, = 2010810 y 


22 = 20 lo ed 
510 20 mV 
1.1 = log¡p * 
Vo 
v= 2.399: 
20 mV 
V. = 251.785 mV 


O 
16. 60 dB,= 90 dB, 
quiet loud 
60 dB. = 201 ee: 20 1 
= 10) A 10) 
s 510-0002 ubar 510% 


3 = log¡px 
x = 1000 
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P, 
90 dB. = 20 logyy ———— = 20 lo 
s £10 5.002 nbar 810) 
4.5 = log¡0y 
y = 31.623 x 107 
P; 
x _ 0.002 pbar _ Pi _ 05 
y P) Pa 31.623 x HP 
0.002 ubaf 


and P, = 31.623 P, 


Y 
18. a. 8 dB = 20 02105775 y 


V, 
0.4 = log;p 0775 V 


Y, 
_ 2 2512 
0.775 V 
V, = (2.5121(0.775 V) = 1.947 V 
2 2 
p= YM -— 0.9% V" _ 6.318 mw 
R 600 9 
b 5 dB = 20 10819? 
5100775 V 
0.25 =1 le 
=U:; = lO AAA 
5100775 V 
V, 
_?2 0562 
0.775 V 
V, = (0.562)(0.775 V) = 0.436 V 
2 es 
p= Y” -— 0.486 Y” _ 0.317 mw 
R 600 9 
O 1 e 
20. a f= ==> = 15.915 kHz 
2ARCO— 271 KOX0.01 uE) 
f = 2f. = 31.83 kHz 
X= =__ Ll  _=508 
2170 2131.83 kHZ(0.01 1P) 
v X E 
PS A A 
Vi De Y 2 2 
[R X (1 KQ)? + (0.5 k0) 
Y, = 0.4472V, = 0.4472(10 mV) = 4.472 mV 
1 1 
b. = Af 2 2 (15915 kHz) = 1.5915 kH 
F= _e= 5 2) : 
A A A 
210 21(1.5915 KkH2X(0.01 pE) 
v X 
Ae co - 10 kQ = 0.995 


O E 
(R? + xó Ya ko? + (10 k0? 


V, = 0.995V, = 0.995(10 mV) = 9.95 mV 


O 
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22. a. 
b. 
E 
d. 
24. a, 


(Even) 


Yes, atf = f., V, = 7.07 mV 
at f = le V, = 9.95 mV (much higher) 
at f = 2f., V, = 4.472 mV (much lower) 


JE > _ ! _ =67.726kHz 
27RC 21(4.7 kQ)(500 pF) 


f=0.1f.= 0.1(67.726 kHz) = 6.773 kHz 


X= _=____L __ _=46.997k0 
JAfC  21(6.773 KH2zI(500 pF)- 
v X 
ds O 46.997 kQ ono 
l 


NA 


E 
(22 +Xx2  1(4.7 K0) + (46.997 k0) 


f = 10f. = 677.26 kHz 


Y A 
71jC  21(677.26 KHz)(500 pF) 
v X 
A) = $ = —*— 2 40%  _ =0.0995= 0.1 
2? E (4.7 k0? + (470 Nn? 
Y X 
A = Y =00= 2 
v. 
R? + Xó 


X 
(¡R? + Xó = Sor S = 100 Xo 


2 EN 442 
R + Xo =10X6 


R? =104X% — X2 = 9,999X% 
a O 
9009 99.995 
A _ 
C= f= = 6.77 MHz 


21jC ZAX¿C  21(47 0600 pF) 


f= LL! -_ =15915kHz 
Z1RC — 21(10 K0(1000 pF) 


f = 44, = (15.915 kHz) = 63.66 kHz 


A A: A 
27fC  21(63.66 kHz)X(1000 pF) 
V 
A, = NA = R = OK KO = (0.970 (significant rise) 
Ú 


R? + Ne Y(10 k0)? + (2.5 k0? 
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26. 
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c.  f= 100f. = 100(15.915 kHz) = 1591.5 kHz = 1.592 MHz 
X=L_=___Ll  _=99720 
21/C  21(1.592 MH2)X1000 pF) 
o 10kQ ____ -=0.9995=1 
R2+X2  y(10k0? + (99.972 0) 
d.  Atf=f,V,=0.707V, = 0.707(10 mV) = 7.07 mV 
y? 
2 
p,= Y LOVE < 
R 10 kQ 
a 1 
A A A 
21RC  2(100 k0)20 pF) 
b.  f=0.01f. = 0.01(79.577 kHz) = 0.7958 kHz = 796 Hz 
Xe=_=___! -=997M0 
27,0 dei Hz)G0 pF) 
v, 
4= $ _ J0kx ___-o00=0 
(ex dd 100 kQ)? + (9.997 MN)” 
€, f = 100f£. = 100(79.577 kHz) = 7.96 MHz 
A A A 
27/C de 96 MHZ)J(20 pF) 
Y 
=> 0x0  __0999-915m=1 
de Erre 100 kQ)? + (999.72 0y? 
Y 
il dsc E 
V; 2 2 
R* + Xc 
O 
R* + X¿ =2R 
R + X¿ =4R 
Xo =4R? — R =3R 
Xc = V3R? =y/3R = /3 (100 kQ) = 173.2 k0 
Xc == l => = —— == A A 
210 27X € 21(173.2 k2DQ0 pF) 
f = 45.95 kHz 
f = me 8 = 4 kHz 
ARO, 
Choose R;, = 1 kQ 
c==1_=___) __ =39.8nF .. Use 39 nF 
21f,R,  21(4 kHz) KO) 
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= = 80 kHz 
Choose R>, = 20 kQ 
=_ 1 .____ 1  ___ =99.47pF.. Use 100 pF 
2T1f,R, 21(80 kH2Q0 kQ) 
C 
( Po 
>| > F | 20 kQ 

R<Z1ka Cc, 100 pF 


80 > 4 kHz _ 42 kHz 
Atf = 42 kHz, Xc, = 97.16 0, Xc, = 37.89 kQ 


Assuming Z, >> Z; 


Center frequency = 4 kHz + 


R.(V; 
[Ve | O 1 = 0.995V, 
2 
R; +20 
C (Vr) 
IV,| = = __ =0.884V, 
R5+X 
2 Ci 


V, = 0.884Vg = 0.884(0.995V) = 0.88 Vi; 
as f=f: Ve = 0.707V;, Xc, = 221.05 kQ 
and V, = 0.996Vp 


so that V, = 0.996 Va, = 0.996(0.707V) = 0.704V; 


Although A,, = 0.88 is less than the desired level of 1, f, and f, do define a band of frequencies for 
which A, => 0.7 and the power to the load is significant. 


1 R¿C 
30. a  f= 1 - 2 = 159.15 kHz 
21r/LC 
X 217 
E E _ 2 _ 21(159.15 kKH21 MB _95>> 10 
e Rp 16 2 


A Zp > OPR, = (62.5)? 16 = 62.5k0 >> R = 4 k0 

and V, = V; at resonance. 
However, R = 4 kQ affects the shape of the resonance curve and BW = f,/Q, cannot be 
applied. 


V 
For A, = y = 0.707, |X| = R for the following configuration 


(Even) 305 


32. 
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For frequencies near h X, >> Rand Z, = Ry + jX, = X, 
and X = X, [| Xo. 


For frequencies near Í, but less than Jo 
XX 
and for A, = 0.707 
XX, 
Xc - XA; 


> E 


=R 


Substituting X = and X, = 21f¡L 


1 
271f, ¡C 
the following equation can be derived: 


=0 


1 + 


AR E > 


For this situation: 


Lo 1 

21RC  21(4 k00(0.001 E) 
Lo 1 

4 LC  412(1 mH)IXO0.001 uE) 


= 39.79 x 10 


= 2.53 x 1010 


and solving the quadratic equation, f, = 140.4 kHz 
and == 159.15 kHz — 140.4 kHz = 18.75 kHz 


with BW = 2(18.75 kHz) = 37.5 kHz 


Íp _ 159,15 kHz 


= a  __"=4,24 
2 BW 37.5 kHz 
X 
O, = £L 40 ¿0 
Ry 10 Q 


Zy. = Q7R, = (40) 20 N = 32 kN >> 1k0 
p 


32 kQ V; : 
At resonance, Yo = A == 0.97 V; 
+ 


Va 
and A, = —> =0.97 
V; 
For the low cutoff frequency note solution to Problem 30: 
1 1 


2 

A 

"TRE 4mLC 

E Ll =199nF 
ZAJX 0 2120 KkHZI400 0) 
X 

L= 2 ._%W% _ -318m4 


21f — 2120 kHz) 
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34. a. 


36. a. 


(Even) 


Substituting into the above equation and solving 
f 1 == 16.4 kHz 


with NN = 20 kHz — 16.4 kHz = 3.6 kHz 


and BW = 2(3.6 kHz) = 7.2 kHz 


_ Í, _ 20 kHz 


<a A = 2.78 
P BW 7.2 kHz 


At resonance 
Zr, = 32 k0 || 100 kQ = 24.24 kQ 


24.24 kQ Y, 


1410 PA 
5 24.24 kQ + 1 kQ 


= 0.96V, 


Vv 
and A, = 7 = 0.96 vs 0.97 above 
i 
At frequencies to the right and left of Íp> the impedance £r, will decrease and be affected 


less and less by the parallel 100 kQ load. The characteristics, therefore, are only slightly 
affected by the 100 kQ load. 


At resonance 
Zr, = 32 k0 || 20 k0 = 12.31 kQ 


12.31 kQ V, 


Mit VS e 
5 12.31 kQ + 1 kQ 


= 0.925V; vs 0.97 above 


At frequencies to the right and left of f,, the impedance of each frequency will actually be 
less due to the parallel 20 kQ load. The effect will be to narrow the resonance curve and 
decrease the bandwidth with an increase in Op: 


A A A : -——— = 12.68 mH 
21 /LC af  41(100 kHz)*(200 pF) 
X, = 2m/L = 21(30 kHz)(12.68 mH) = 2388.91 0 
a l __=26.54k2 
21fC  — 21(30 kHz)Q00 pF) 
Xc — Xy = 26.54 kQ — 2388.91 NM = 24.15 k0(C) 
Ls = Aer = 24.15 kQ 
X 
L= Í. %408K% - 128.19 mH 
P— — 21f  21(30 kHz) 
E : = 1989.44 Hz 


IRC TH6 KQI2KM0.01 4F 214 KQX0.01 E) 
1 


y1 + 040 


and Y, = ||, 


y + 0 


Vo 
v; 
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Klog scale) 


e. Remember the log scale! 1.5f. not midway between f. and 2f, 


Aya = 20 log¡p A, 
—1.5 = 20 log¡p A, 
—0.075 = log¡p A, 


v 
A, = 2 = 0.841 
vV. 


l 


f  0=tn ff 


A 0(V, leads V, ) 


£. 110 
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10% Flog scale) 
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38. a. 


(Even) 


(RICGXDO _ . Ric 
Ral Xc = a 


R> - jXc R> - jXc 
TRAD | 
O TS o RAN 
d a RXo RR) =jX0) = ¡RX 
"Ra JR 
eS JRXACV e GRA 
R¡R) - JR¡Xc ss JRrXc R¡R> - [R; + RX 0 
E RA _ RV; 
TRRARIARI RR 
149 1 PEC RAR) 
R 
a RV ¡ y R¡ + R) 
R,¡R 
Ri; +R> +] a lo j R¡R) 1 
R) 
V R, + R 
and A, = 2 = A 
le ¡R) 
l+j 
JO 
R¡ + KR 
orA, = a SA. 
Y R,+R,|1 + RR, RIC 
. 1 
defining f. = 
d 271(R, || RC 
O 
E A 
R 
and A, = Eon ÓN 1 L -tan If, 
- + pue) 
R>, 1 
with | Vo! 5 REIR pyaenns | V;! 
1720 ,) 
y! + PU 
KR) 27 kQ 


for f << fo, V, = V, = 0.852V; 


Y OO 
R|+R Y 4T7K0+27Kk0 
atf=f.: V, = 0.852[0.707]V, = 0.602V, 


1 
f= __"_ _ =994.72 Hz 
2 HR, [RC 
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, = —1.394B — 0.5dB 
Aj, = 20 10810 4, 


Ug 


—1.89 = 20 log;¡p A, 
0.0945 = log¡0 Á, 


A. = 2 = (0.804 


4.7 kQ + 27 kQ 
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v 12k0 <——Thevenin 
12 kQ vi 
Vr» O A 00 v; 
12 kQ +6 k0Q 
Rh = 6 kQ || 12 kQ = 4k0 
4ka € 
100 nF AE 
0.667 V; 8ka  V, 


f= o Hz: (C => short circuit) 
8 kQ (0.667 V ;) 
8 kQ + 4 kQ 


f (log scale) 
yde R,(0.667 Y ;) 0.667 RV ¡ 
voltage-divider rule: V, = —____= ____—_ 
N Ye 0.667R, J2TR(0.667R,)C 
an HO A A A e O e A A 
2". Vi RR +R, jc 1+] AR, + RIC 
$ 
so that A, = IA with f; = A A A 
1 + 1 210.667R,C  210.667(8 k0)(100 nF) 
= 298.27 Hz 
and f,. = 1 l 


= 132.63 Hz 


(Even) 


HR, + RC 21(4 kQ + 8 kO)(100 nF) 
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132.63 Hz 
20 log¡p f/f, = 20 1081050337 Hz 


= 20 log ¡y 0.445 = —7.04 dB 


b. 


0(V, leads V, ) 


0* 
Alog scale) 


42. a. R, no effect! 
Note Section 23.12. 


Vo _1+J304) 


a 
v; 1 +] HF.) 

A==_ 2 __ _ = 2652.58 Mz 
21(6 KONXO.01 uE) 

L= > —_ —__ =884.19Hz 
212 KO + 6 KOXO.01 ar) 


Note Fig. 23.65. 
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(b) 


44. a. 


(Even) 


Asymptote at O dB from 0 => f, 
—6 dB/octave from f, to f; 


12 k0 +6k2 _ 054 dB 


—9.54 dB f -20 lo 
rom f; on g 50 


Note Fig. 23.67. 


From 0% to —26.50* at f. and f; 

9 = tan! ff, — tan”? ff. 

At f = 1500 Hz (between f. and f) 

9 = tan”! 1500 Hz/2652.58 Hz — tan”! 1500 Hz/884.19 Hz 
= 29.49” — 59,48” = —30" 


Note Section 23.13. 


_ 1-4 
2 1-0 
A : — = 964.58 Hz 
21R,C— 216.3 K0XO0.05 1) 
f= l a ; —— = 7334.33 Hz 
2HR,IR)C  27(3.3 KQ[O.5 kQ)0.05 ¡E 
rs, rra 
0.434 kQ 
Note Fig. 23.72. 
R, +R | 
-20 logo 2% = —20 108,9 2259 +05 K% 17 624B 


R, 0.5 kQ 


Asymptote at —17.62 dB from 0 = f; 
+6 dB/octave from f, to f. 
O dB from f, on 


0 = —tan ? f/f + tan? ff 

Test at 3 kHz 

0 = —tan”! 964.58 Hz/3.0 kHz + tan”! 7334.33 Hz/3.0 kHz 
= —17.82* + 67.75% = 49.93% = 50" 


Therefore rising above 45” at and near the peak 


10 45 68 100 1 kHz 10kHz 23kHz 50 kHz 100 kHz 


50 kHz vs 23 kHz —= drop about 1 dB at 23 kHz due to 50 kHz break. 
Ignore effect of break frequency at 10 Hz. 

Assume —2 dB drop at 68 Hz due to break frequency at 45 Hz. 
Rough sketch suggests low cut-off frequency of 90 Hz. 
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Checking: Ignoring upper terms 


| 10 Hz] * 45 Hz] * 68 Hz ] ? 
Ay," -20 log ¡0 b + [| y 010 + [27] - 20 080 + | | 


= -0.0532 dB - 0.969 dB - 1.96 dB 


= -2.98dB (excellent) 
High frequency cutoff: Try 20 kHz 


Aya E -20log¡p|1 + p | - 20 log¡p|1 + 02 | 


-2.445 dB - 0.6445 dB 


-3.09 dB (excellent) 


“. BW = 20 kHz — 90 kHz = 19,910 Hz = 20 kHz 
f, = 90 Hz, f, = 20 kHz 


1 kHz 10 kHz 23 kHz 50 kHz 100 kHz 
-90* 
-180* 
Testing: f = 100 Hz 
9 = tan”! Aida + Vi abi + tan”? A o - tan”? F 
23 kHz SO kHz 


tan”1 0.1 + tan”! 0.45 + tan”! 0.68 — tan”! 0.00435 — tan”? .002 
5.71% + 24.23% + 34.22? — 0.249* — 0.115" 
= 63.8” vs about 65” on the plot 


A 0.05 _ 1 s 1 A 
A o.0s ¡100 ¡_ ¿100 1 ¡2000 «if + 2000 
$ 0.05 f f 
y 5/00 
= __—— andf, = 2000 Hz 
See ¡SEAN 
2000 
y 
/ 
/ 
Y 
/ 
100 Hz 1 kHz / 10 kHz 


flog scale) 
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50. 


HZ 


-¡f/1000 


Muro re A 
“(1 jFO004 + j//10,000) 


0dB 10 kHz 


PRE A AE EN IAEA NETAS A 


Klog scale) 


+6 dB/Oct 


A E Ji 
1000 1000 1000 159.16 Hz” 5000 795.78 Hz 
27 


A 40(1 + ¿f1159.1 NA 
v 4 1159.16)(1 + ¡fI795.78 H) +6 dB/octave 
Ea 159.16 Hz 
N 
AN 


159.16 Hz 795.78 HZ 


-6 dB/octave su +6 dB/octave 


795.78 Hz 


a A A e 


30 159.18.Hz 


10 


E 
1 scale) 


100 Hz 1 kHz 


(Even) 
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